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1. INTRODUCTION 
Phytochrome, which has been isolated from sev- 
eral species as a soluble protein [1-4], is regarded 
as the photoreceptor f all photoresponses induced 
by red light and reversed by far-red light, as well 
as of photoresponses with the characteristics of the 
so-called high intensity reaction (review [5]). Sev- 
eral examples of phytochrome-regulated g ne ex- 
pression have been recognized [6-8]. 
The photochemical interconversion between the 
2 spectrally distinct forms of phytochrome, Pr and 
Pfr, is the basis of photoreception i  vivo and oc- 
curs also in cell-flee preparations. However, reac- 
tions that might be related to signal transmission 
have never been observed in vitro. Perhaps loss of 
the native protein structure soon after extraction is
the reason of these failures. Undoubtedly, this ap- 
plies to the 60 000 Mr species purified after exten- 
sive proteolysis [1]. But also preparations termed 
'undegraded phytochrome' seem to have under- 
gone limited degradation, for after discontinuous 
electrophoresis, they showed a heterogeneous 
band pattern with main bands at 114000 and 
118000 Mr [2,4,9]. These bands, however, were 
neither observed after extraction of seedlings with 
denaturing buffer [10] nor after cell-flee transla- 
tion of the phytochrome message [11]. In both 
Abbreviations: PMSF, phenylmethyl-suifonyl fluoride; 
SDS, sodium dodecyl sulfate; Pr, red light-absorbing 
form of phytochrome; Pfr, far-red light-absorbing form 
of phytochrome 
cases a single phytochrome band at - 124 000 Mr 
was reported. 
We found it possible to detect phytochrome im- 
munologicaUy after electrophoresis of crude ex- 
tract samples and transfer of the protein bands to a 
nitrocellulose sheet (Western blotting, [12,13]). 
Thus the time course of phytochrome degradation 
in vitro can be easily followed. Limited degrada- 
tion does not occur in vivo, but the specific attack 
of only the Pr form suggests a conformational dif- 
ference which may be significant for signal trans- 
mission. 
2. MATERIALS AND METHODS 
2.1. Partial purification on phytochrome 
All operations were done under green safelights 
at 4°C. Buffers contained 5 mM 2-mercaptoeth- 
anol; 1.5 kg rye seedlings (Secale cereale, cv. Halo) 
grown in the dark for 90 h at 27°C and stored at 
-30°C were homogenized with 1.5 1 50 mM Tris- 
HC1 (pH 8.0). After filtration through a Nylon 
cloth, centrifugation (1 h, 50 000 × g), and pre- 
cipitation with 0.5 vol. 3.9 M ammonium sulfate 
adjusted to pH 7.8 with Tris, the pellet (1 h, 27 000 
× g) was suspended in 100 ml 50 mM Tris-HCl 
(pH 7.3)/50 mM KCI, clarified (40 min, 200 000 × 
g), desalted on Sephadex G-50 (5 x 18 cm, equi- 
librated with the same solution), and chromatog- 
raphed on Whatman DE 52 cellulose (2.6 × 15 
cm) using a gradient (2 x 300ml) from 50- 
300 mM KCI. Chromatography on HA-Ultrogel 
(LKB; 1.6 × 12 cm, 2 × 50ml gradient of 2 -  
100mM KPO4 (pH 7.8) in 0.1 M KCI) and on 
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Ultrogel AcA 34 (LKB; 2.6 x 90 cm, 100mM a 
KC1/50 mM KPO4 (pH 7.8) resulted in prepara- 
tions of A665:A280 -0.6, which were concentrated 
by precipitation with 0.7 vol. 3.9 M ammonium 
sulfate (pH 7.8). 
2.2. Immunization 
Phytochrome denatured in 0.1% SDS was elec- 
trophoresed on a 6% polyacrylamide g l as in [14]. 
The bluish phytochrome band was eluted from the 
disintegrated gel with 4 vol. 10 mM Tris-HCl (pH 
7.3)/50 mM NaCI. The eluate was 3-fold concen- 
trated by lyophilisation, and the protein content 
was determined by the amido black method [15]. 
Antibodies were raised in rabbits by monthly sub- 
cutaneous injections of 125 ttg protein. Freund's 
complete adjuvant was used for the first injection, 
incomplete adjuvant for subsequent injections. 
b 
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2.3. Analytical procedures 
Western blotting: After SDS electrophoresis in a 
6% polyacrylamide g l according to Laemmli [14], 
proteins were transferred electrophoretically (20 h; 
6 V/cm) to a nitrocellulose sheet, and incubated 
with 200-fold diluted antiserum [13]. Phytochrome 
bands were visualized using peroxidase-conjugated 
anti-rabbit IgG (Sigma) [12]. 
Photoreversible phytochrome was determined 
on an Aminco DW 2 spectrophotometer with set- 
tings of 665 and 730 nm for actinic and measuring 
beams. A AE-value of 0.72 has been reported for 
1 mg pure rye phytochrome/ml [1]. 
3. RESULTS AND DISCUSSION 
It is possible to transfer proteins up to 200 000 
Mr almost completely from SDS-polyacrylamide 
gels to nitrocellulose sheets. Using a rabbit serum 
against rye phytochrome and a peroxidase-conju- 
gated anti-rabbit IgG, as little as 3 ng rye phyto- 
chrome, 6 ng oat phytochrome or 20 ng maize phy- 
tochrome could be detected. Crude extracts of 
fresh dark-grown seedlings showed one major 
band at 123 000 Mr (fig. l) that is presumably iden- 
tical with the native phytochrome species observed 
after extraction in the presence of SDS [10] or after 
cell-free translation [11]. 
Conventionally purified phytochrome, however, 
showed a heterogeneous band pattern (main bands 
at 114 000 and 118 000 Mr) that indicates limited 
Fig.l. Sensitivity of phytochrome detection after West- 
ern blotting: (a) cell-free extract from rye: (b) con- 
ventionally purified rye phytochrome; (c) a con- 
ventional preparation and calibration proteins (200, 118, 
93 and 68 × 103 M r on a gel stained for protein. 
degradation during purification (fig.lb). Indeed it 
turned out that in the extracts from fresh rye seed- 
lings heterogeneity arises within some hours at 
25°C (fig.2a) and can be prevented by the protease 
inhibitor PMSF (fig.2b). In oat and maize extracts 
(not shown) this process is faster and almost com- 
plete after 1 h. Even worse, in extracts from frozen 
seedlings of either species, as commonly used for 
phytochrome purification [2-4], a heterogeneous 
band pattern was observed immediately after ex- 
traction. Freezing and thawing seems to liberate 
higher levels of the degradative enzymes involved. 
The degradation process was found to be specif- 
ic for Pr. Conversion to the 118 000/114 000 M r 
species is inhibited by a saturating dose of red light 
(665 nm) given either before (fig.2c) or after ex- 
traction (fig.2d) and restored by a subsequent 
730 nm light pulse (fig.2e). This is in agreement 
with a recent note that a 124 000 Mr species was 
extracted from shortly irradiated seedlings [10]. 
The selective degradation of Pr provides a new 
interpretation for the light-dependent changes in 
electrophoretic mobility in [16]. These authors 
used a procedure that does not resolve the dif- 
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Fig.2. Limited degradation of phytochrome at25°C in 
crude extracts of dark-grown seedlings. Each sample 
corresponds to 72 ng phytochrome in the fresh extract: 
(a) no addition, kept in the dark; (b) l mM PMSF 
added, dark; (c) no addition, saturating pulse of red 
light given after extraction; (d) no addition, illuminated 
before extraction; (e) the same as (d), a saturating dose 
of far-red light was given after extraction. CP = 
conventional preparation of phytochrome. 
ferent bands of their phytochrome preparation. So 
in samples extracted as Pfr, they observed an ap- 
parent shift of phytochrome to a somewhat higher 
Mr. This effect was attributed to a light-induced 
modification of phytochrome, but it is fully ac- 
counted for by the limited degradation of Pr, but 
not of Pfr, during the prolonged incubation re- 
quired for immunoprecipitation. I  vivo, light- 
induced changes in electrophoretic mobility do not 
occur, as judged from Western blot analysis after 
extraction of rye, oat, or maize seedlings with a hot 
SDS-containing buffer (fig.3). The only effect of 
light was phytochrome destruction [5] in the course 
of some hours. 
In [17] the absorption maximum of Pfr observed 
after illumination in vivo differs by - 10 nm from 
the maximum arising from photoconversion of 
pure phytochrome. This spectral shift occurs under 
conditions where we observe the conversion of 
Fig.3. Phytochrome extracted in SDS-containing buffer 
before and after different times of illumination. Samples 
of 2 g etiolated oat seedlings were ground in a mortar 
under liquid nitrogen and then heated with 2 ml hot 
sample buffer [12]. After centrifugation, 20~1 aliquots 
were applied to the gel. 
123 000 Mr phytochrome to the 114 000/118 000 
Mr species. In particular, no shift was observed, as 
long as phytochrome was present in the far-red ab- 
sorbing form. Obviously, limited degradation in- 
duces a change in protein conformation that 
causes the spectral shift. This indicates that the na- 
tive protein structure is indeed lost upon formation 
of the 114 000/118 000 Mr phytochrome. 
The resistance of Pfr to limited degradation in 
vitro suggests that photoconversion causes a con- 
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formational change which might be related to sig- 
nal transmission. The respective domain of phy- 
tochrome prepared as Pr by described procedures 
lacked peptide fragments of/> 40 amino acid resi- 
dues. Therefore, these samples may have been de- 
fective in signal transmission. However, purifica- 
tion of really undegraded phytochrome should be 
possible after conversion to Pfr. The availability of 
the native form of phytochrome will offer a new 
chance for research on the mechanism of signal 
transmission. 
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